Abstract: A novel behavioural test using a handling chute was evaluated over two trials as an objective method to assess pain in piglets following castration. Piglet (n = 98) navigation time (NT) through a handling chute was measured at specific time points up to 24 h post treatment. In trial 1, comparing the NT of castrates (C) and sham castrates (SC), C piglets had a longer NT than SC at 0 and 15 min post treatment (P < 0.05), with no differences thereafter. In trial 2, the effect of an analgesic to control postoperative pain on NT was examined, with castrated piglets given a half (CH) or full (CF) dose of meloxicam 1 h prior to treatment, compared with piglets castrated and given saline (CS) or sham castrated and given saline (SS). Post treatment, CS piglets had a longer NT than SS at 0 min (P < 0.005), and at 15 min, piglets CS had a longer NT than all groups (P < 0.001). No significant associations were found between piglet behaviour in the home pen and NT during the 60 min following treatment. These data demonstrate potential for the use of a handling chute to measure NT as a quick, standardized, method to assess piglet pain in response to castration.
Introduction
In the swine industry, it is common practice to surgically castrate male piglets at an early age without pain mitigation. Castration is done primarily to avoid boar taint, an unappealing odour and taste present in the meat products of intact boars. It also reduces aggressive behaviour that can occur prior to entire boars reaching market weight (NFACC 2014) . Castration of piglets without pain control is a significant welfare concern. Piglets exhibit increased frequency and intensity of vocalizations and escape movements, implying an acute pain response (White et al. 1995; Taylor et al. 2001; Sutherland et al. 2010 ), a rise in cortisol, further indicative of stress, and pain (Llamas Moya et al. 2008; Sutherland et al. 2010; Kluivers-Poodt et al. 2012) . Postoperatively, tail wagging, rump scratching, and dog-sitting behaviour suggest chronic pain can persist for up to 5 d following castration (Hay et al. 2003; Llamas Moya et al. 2008 ) and possibly longer.
While alternatives to surgical castration exist (Tuyttens et al. 2011) , their use is market dependant and they are not widely used in North America at present (PCPSC 2012) . Currently, surgical castration remains the preferred method for preventing boar taint in Canada. The new Canadian Code of Practice for the Care and Handling of Pigs (NFACC 2014) requires that, "as of July 1, 2016, castration performed at any age must be done with analgesics to help control post-procedure pain". Therefore, determining effective ways to provide pain control at castration is important to improve piglet welfare around the time of castration. Currently, there are no licensed analgesics for use in neonatal pigs in Canada, nor for castration. The nonsteroidal anti-inflammatory drug (NSAID), meloxicam, is licensed for use in growing and adult swine in Canada, to provide pain relief and reduce inflammation and fever, under the product name Metacam ® [Boehringer Ingelheim (Canada) Ltd., Burlington, ON, Canada] . Meloxicam may be a useful NSAID for treatment of postcastration pain in neonatal pigs for studies suggest that pre-emptive use of meloxicam can ease postoperative pain in castrated piglets (Hansson et al. 2011; Kluivers-Poodt et al. 2013) , as determined from behavioural measures. However, further work is required to determine the true extent to which meloxicam is effective at reducing castration pain, along with the safety of its use in neonatal pigs.
Pain behaviour in the neonate can be hard to detect, and lengthy observations are commonly used to identify behavioural changes indicative of postoperative pain (Prunier et al. 2013 ). However, these changes are often subtle and difficult to detect (McGlone et al. 1993; Taylor et al. 2001) , and thus, behaviours less specific to pain are often included, such as sleeping and playing, with varying results. There is a need for novel methods to evaluate postoperative pain associated with castration which are both reliable and less labour intensive. This would facilitate evaluation of analgesic efficiency and help advance the development of successful management strategies for controlling castration pain in piglets.
The objective of the current study was to determine the effectiveness of a novel behavioural test, involving measuring stride length (SL) and navigation time (NT) through a handling chute, to assess pain in piglets following castration.
Materials and Methods
The study was conducted at the Prairie Swine Centre in Saskatoon, SK. The protocol was approved by the University of Saskatchewan's Animal research Ethics Board and adhered to the Canadian Council on Animal Care guidelines for humane animal use. All procedures and observations were conducted in the room in which piglets were born, with litters from five farrowing rooms used.
Animals and housing
A total of 98 male PIC Yorkshire X Landrace piglets from 18 litters between the ages of 4 and 6 d were used for this study, with 30 piglets from six litters in the first trial, and 68 piglets from 13 litters in the second trial. Individual sows and their piglets were housed in a 2.44 m by 1.83 m farrowing pen for the duration of the study. Each pen contained a single farrowing crate measuring 1.98 m by 0.86 m. The pen floors were fully slatted with metal tribar. Piglets had a rubber floored, hooded creep area, and heated with a heat lamp (Fig. 1) . Sows were fed a lactation diet meeting National Research Council (NRC 2012) requirements.
Behavioural testing chute design
A portable chute was constructed for the purpose of evaluating the locomotor activity of piglets before and after castration. The chute was constructed to fit at the rear of the farrowing pen, replacing the back gate (Fig. 1) . The chute was 1.77 m in length, 0.18 m in width, with side walls 0.33 m high, and an open top to allow observation of piglets in the chute (Fig. 2) . After navigating the length of the chute, piglets exited into the farrowing pen (FIN position, Fig. 2 ). Two hurdles, 0.10 m in height, were placed inside the chute to test the ability of the piglet to cross the hurdles, with the assumption that the presence of pain would result in longer NTs. The hurdles were removable for training purposes.
Pretrial chute training
On the day before treatment (at 4 d of age), all piglets were weighed and individually marked. Piglets were then trained to navigate the chute over a course of four runs, predetermined as sufficient to train piglets to navigate the chute. Piglets were placed at the start position (ST, Fig. 2 ) and allowed to walk through the chute to the exit. Training runs were performed at intervals of 45 min, beginning with runs one and two performed without hurdles. Two hurdles, 0.05 m in height, were added to the chute for training run three, with these exchanged for two hurdles 0.10 m in height for run four. Piglets that turned around in the chute during a training run were returned to the start position and restarted. At the end of the fourth training run, all piglets could navigate and exit the chute on their own.
Treatments
Trial 1 explored whether a difference could be detected in the chute NT and SL between sham-and surgical-castrated piglets. Trial 2 was conducted to determine whether the use of the analgesic, Metacam ® (Boehringer Ingelheim Canada Ltd, Burlington, ON, Canada) would alter the chute NT of piglets following castration.
For all trials, castration was performed in accordance with standard commercial practice. Piglets were held in a head-down position, and lateral incisions were made with a scalpel along either side of the scrotum to expose each testicle. Testicles were removed, and the spermatic cords were severed by pulling the testes away from the body. Sham-castrated piglets were held in a head-down position for a similar length of time, but no incision was made and testicles were not removed.
Trial 1
A total of 30 male piglets from six litters were tested. Both treatments were applied within each litter, and any remaining male piglets were randomly assigned to treatments. At 5 d of age, piglets were caught and assigned to one of two treatment groups: sham castration (SC, n = 15) or castration (C, n = 15). For all treatment runs, the chute was fitted with two 0.10-m hurdles. To establish a pretreatment baseline (PT), one run was performed at 10 min prior to piglets receiving castration or sham castration. Runs were repeated immediately following treatment (0 min), and at 15, 30, 60, 240, 480, and 1440 min following treatment.
Trial 2
A total of 68 male piglets from 13 L were tested. At 5 d of age, piglets were caught and randomly assigned to one of four treatment groups: (1) sham castration with saline (SS, n = 17), (2) castration with saline (CS, n = 17), (3) castration with a half dose of the analgesic (CH, n = 17), or (4) castration with a full dose of analgesic (CF, n = 17). Injectable Metacam ® (with 20 mg of meloxicam per mL) was used for analgesic. Sham castrates and castrates with saline received 0.3 mL sterile saline solution (0.9% NaCl). Piglets in the CH treatment received meloxicam at a dose of 0.2 mg per kg of body weight, and piglets in the CF treatment received meloxicam at a dose of 0.4 mg per kg of body weight. All injections were given 1 h prior to castration or sham handling, administered intramuscularly in the left side of the neck. A pretreatment run (PT) was performed 10 min prior to castration or sham castration. Similar to trial 1, piglets were run through the chute immediately after castration or sham castration (0 min), and at 15, 30, 60, 240, and 480 min following treatment.
Behaviour observations Chute behaviour
For both trials, NT was recorded as the total duration of time for piglets to travel through the chute. NT was recorded using a stopwatch, starting when the piglet was placed on all four feet at the chute start position, and ending when the piglet's nose passed through the exit way to the farrowing pen at FIN (Fig. 2) .
The SL was obtained for each chute run, in trial 1 by measuring the distance between subsequent footprints from the same hind foot. To ensure visible footprints, the hind feet of each piglet were stained immediately prior to testing by pressing their hind feet onto a black inkpad. Brown paper, precut to fit the chute, was placed on the floor of the chute between the start position and first hurdle to capture the first few footprints of each piglet (Fig. 2) . A fresh sheet of paper was used for each run and each piglet. For each paper, the clearest stride was chosen. If multiple strides were recorded, the one nearest the hurdle (farthest from the start position) was selected.
If a piglet laid down in the chute, the animal was given 20 s to stand on its own, after which the piglet was lifted to their feet. There were no piglets that stood on their own once they had laid down. All piglets exited the chute within 263 s.
Pen behaviour
Piglet behaviour in the farrowing pen was also recorded but only for trial 2. Behaviour was captured using two video cameras, one mounted over the pen, providing a full overhead view of the crate area, and another on a tripod behind the gate of the pen, allowing observation of piglets under the hooded creep area. However, some areas of the pen could not be viewed, Videos were transcribed by a single observer using instantaneous scan sampling at 5-min intervals to record the posture and activity (Table 1) of each experimental piglet, from 30 s following exit from the chute at 0 min, up to 1 h.
Piglets in contact with the udder (whether nosing, rooting, or nursing) were considered nursing. Piglets lying ventrally and next to a teat but whose heads were blocked by the presence of other piglets were also recorded as nursing. Piglets were considered to be walking if they took a step in the 5 s succeeding the observation time.
Statistical analysis
All data were analysed with SAS, version 9.3. For trial 1, differences in NT and SL between treatment groups were compared using Proc Mixed, accounting for repeated measures within pigs and accounting for the length of the time between measurements using an exponential correlation matrix and the similarity between observations for piglets within litter using random intercepts. The model for NT included fixed effects for treatment, run time, and interactions between treatment and runtime piglet weight. Pretreatment NT was included as a covariate. A comparable model was examined for SL. This analysis was repeated for trial 2 to compare the NTs among treatment groups.
For trial 2, the differences in the frequency of each pen behaviour and activity type were compared among treatments using generalized estimating equations to account for the potential similarities among multiple piglets from the same litter (Proc Genmod). The numerator for each calculation was the number of time periods that the piglet was observed performing the behaviour or activity, and the denominator for each piglet was the number of time periods that it was under observation between 10 and 60 min after treatment. The data were analysed using a logit link function and assuming a binomial distribution. The predicted values for each treatment are reported as the mean probability of observing piglet postures and activities during the first hour following treatment with 95% confidence intervals (95% CI). The difference between treatment groups is reported as an odds ratio (OR) with 95% CI.
Relationships between piglet chute NT and pen behaviour were determined using generalized estimating equations to account for potential similarities among multiple piglets from the same litter (Proc Genmod). The total count of each pen behaviour per piglet was modelled against piglet NTs at 0 and 15 min. Treatment, piglet weight, and NT were added as fixed effects, and piglet ID within litter as a repeated effect. The distribution was assumed to be the Poisson distribution and a log link function was used. Estimated regression coefficients were exponentiated for interpretation as relative differences (RDs) in counts with 95% CI, with the significant differences reported as a RD in counts with 95% CI.
Results
Trial 1 Navigation time and stride length Castrated (C) piglets had a significantly longer chute NT than sham-castrated (SC) piglets at 0 and 15 min post treatment (P < 0.05 and P < 0.001, respectively; Fig. 3 ). However, there were no significant differences in NT among treatments for any runs from 30 min post treatment and thereafter. There were no significant differences found between the SLs of C and SC piglets at any of the run times (Fig. 4) .
Trial 2 Navigation time
As was observed in trial 1, CS piglets had a significantly longer NT than did SS piglets at 0 min post Piglet cannot be seen, and activity cannot be determined. treatment (P < 0.05; Fig. 5 ), while CH and CF piglets did not differ significantly from any group. At 15 min post treatment, the NTs of both CH and CF piglets were comparable to that of the SS piglets, while the CS piglets had a significantly longer NT than all other groups (P < 0.001). Significant differences in NT were not found between treatments on runs conducted at 30 min post treatment and thereafter.
Pen behaviour
In the first hour after treatment, there were significant differences among treatment groups in the frequency of ventral and lateral lying, nursing, rooting, sleeping, undetermined activity, and posture (Table 2) . Piglets in the CS group were more likely to be observed lying laterally than piglets in the CF group (OR = 2.92, 95% CI = 1.09, 7.83; P < 0.05) and were less likely to be observed lying ventrally (OR = 0.70, 95% CI = 0.49, 1.00; P < 0.05). Nursing was observed more frequently in CH piglets than in SS piglets (OR = 1.80, 95% CI = 1.23, 2.63; P < 0.005). Rooting behaviour was reported less frequently for CS piglets than for CF piglets (OR = 0.52, 95% CI = 0.28, 0.98; P < 0.05). Sleeping behaviour was less likely to be observed in CH piglets than SS piglets (OR = 0.63, 95% CI = 0.45, 0.88; P < 0.01). Piglets CF were more likely to be reported as displaying undetermined activity than CH piglets (OR = 2.13, 95% CI = 1.04, 4.36; P < 0.05). However, for each of these postures (lateral and ventral lying) and activities (nursing, rooting, sleeping, and undetermined activity), there were no other differences among treatment groups. There were no differences among treatment groups in the frequency of kneeling, dog sitting, standing, undetermined posture, awake inactive behaviour, or walking observed.
Relationships between chute navigation time and pen behaviour
After adjusting for correlations between multiple piglets of the same litter and controlling for treatment and weight, there existed some weak but significant relationships between chute NT and pen behaviour observed within the first hour following treatment (Table 3) . At 0 min post treatment, for every second increase in chute NT, there was an increase in the frequency of undetermined activity (RD = 1.03, 95% CI = 1.02, 2.76; P < 0.0001), an increase in the frequency of undetermined posture (RD = 1.02, 95% CI = 1.01, 1.04; P < 0.0001), and a decrease in the frequency of standing behaviour (RD = 0.99, 95% CI = 0.99, 1.00; P < 0.05). . Chute navigation times for sham-castrated piglets given saline solution, castrated piglets given saline solution, castrated piglets given a half dose of meloxicam, and castrated piglets given a full dose of meloxicam at seven consecutive chute run times post treatment. Within a run time, when asterisks appear, *P < 0.05, **P < 0.001.
Tested at 15 min post treatment, for every second increase in chute NT, the frequency of observing awake inactive behaviour decreased (RD = 0.996, 95% CI = 0.994, 0.999; P < 0.01). There were no other significant relationships between chute NT measured at 0 and 15 min post treatment and frequency of pen behaviours observed during the first hour post treatment. In trial 1, piglets castrated with no pain medication took significantly longer to navigate the chute at 0 and 15 min post treatment, than did sham-castrated piglets. Retested in trial 2, this result was repeated, providing evidence to indicate that piglets castrated without pain medication are more reluctant to walk and jump/step high over the hurdles in the chute, and resulting in a longer NT during the first minutes after surgery. A similar concept was tested by Seguin and Stookey (2007) who found that piglets castrated (with no pain medication) traversed fewer hurdles in 5 min than those that were not castrated, with the most significant result occurring at 10 min following castration. Lonardi et al. (2015) found castrated piglets had a longer latency to walk following castration, compared with piglets simply handled and not castrated. Furthermore, Lonardi et al. (2015) also found such behavioural differences between castrated and simply handled pigs to be greatest at 20 min postprocedure, which shows a similar result to that found in trial 1 in the current study.
In trial 2, at 15 min after treatment, the NTs of CH and CF piglets were no different from that of SS piglets, suggesting a positive effect of giving meloxicam preoperatively on controlling postoperative pain. In comparison, CS piglets had a significantly longer NT than all other treatments at 15 min post treatment, providing further evidence that the castrated piglets were experiencing postoperative pain. Although chute NT in the presence of analgesics has not been examined previously, this result agrees with other studies demonstrating the effectiveness of meloxicam at reducing pain responses following castration, compared with piglets castrated without analgesic (Hansson et al. 2011; Kluivers-Poodt et al. 2013) . At 0 min post treatment, the NTs of CS and SS piglets were different, while CF and CH piglets showed an intermediate response that was not different. This suggests that the initial stress of handling, combined with the procedure of castration has removed any defined differences in NT. This result is perhaps expected, for the action of meloxicam, an NSAID, is intended to control postoperative pain (Kluivers-Poodt et al. 2012 ) and is not effective at controlling the more acute pain of castration. Rather, a local or general anaesthetic would be required to control pain at castration, as determined by Hansson et al. (2011) .
In both trials 1 and 2, the lack of difference in NT between treatment groups at 30 min post treatment and thereafter suggests that any pain experienced at this time was not sufficient to affect NT. This may be attributed to a lessened sensation of pain over time or to an increased release of epinephrine with subsequent trials that overshadow the effects of pain on NT. Further work should be conducted to determine the full extent to which the handling chute can distinguish piglets experiencing pain, post castration. Fewer run times to reduce handling effects are worth exploring to determine if more prolonged pain responses can then be detected.
From the results of trial 2, it is worthy to note that there were no significant differences in the NT of CH and CF piglets at any time. Considering the positive effect meloxicam had for both CH and CF piglets at 15 min post castration, it appears possible that a smaller dose than the recommended 0.4 mg kg -1 may be sufficient to alleviate postcastration pain in piglets. Little work has investigated the effect of analgesic dosage in piglets, but when tested at the recommended dose meloxicam has shown to be effective (Keita et al. 2010 ). However, with evidence that analgesia can have a positive effect, dosage levels should be investigated to determine what the minimum effective dosage may be, as well as the duration of pain control.
Stride length
In beef cattle, SL appears to be a useful measure of castration-associated pain, with SL being shorter in castrates compared with sham castrates for 12 h post castration (Currah et al. 2009 ). In the present study, no differences were found in SL between C and SC piglets; however, the short length of the handling chute may have affected results. Piglet SL was measured in the distance between the starting position and the first hurdle. However, this distance (0.75 m) may not have been great enough for piglets to establish a regular SL. Upon release from the starting position, some piglets were observed to lurch forward, and the short distance preceding the first hurdle may have caused piglets to alter their stride in preparation for the hurdle. Extending the distance between the start position and the first hurdle would afford piglets more opportunity to adopt their normal SL and may provide a better comparison of SL between treatments. Considering the restricted space in which we measured SL in this study, it may still be a useful measure for the assessment of postoperative castration pain in piglets if they are provided a better opportunity to display normal locomotion.
Pen behaviour
Piglet behaviour in the home pen was observed for 1 h post treatment, with the aim of identifying behaviours indicative of postprocedure pain, as has been done in other studies (Hansson et al. 2011; Rault et al. 2011) . While significant differences were found among treatments for lying behaviour, nursing, rooting, sleeping, undetermined activity, and posture, these differences were not consistent across treatments.
For example, SS piglets were observed nursing at a lower frequency than CH piglets. However, as no differences were found between CS and CF piglets and any other treatments, it is not possible to say that CH piglets were nursing with greater frequency due to the mitigation of pain from castration. As well, the effects of castration on nursing behaviour have been inconsistent in previous studies. Hay et al. (2003) found that castrated piglets spent less time at the udder compared with sham castrates, while others found no difference in nursing behaviour between castrates and noncastrates (Llamas Moya et al. 2008) or their medicated counterparts (Hansson et al. 2011) . The age of piglets at castration as well as the class of drugs used to mitigate pain has also varied across studies. Van Beirendonck et al. (2011) had highly variable results, with anaesthetized piglets displaying more activity at the udder on days 1 and 6 post castration, whereas piglets castrated without pain management exhibited more activity at the udder on days 3 and 5. While varying treatments could obviously impact results, nursing behaviour itself may not be a good indicator of the pain piglets experience post castration. In addition, we observed behaviour of piglets in the pen for only 1 h post treatment, and not all litters would have received the same number of nursing bouts, making it more difficult to use nursing behaviour as a good indicator of pain in our study.
CS piglets were observed in a ventral lying position less often and were observed to lie laterally more often than CF piglets in this study. It is possible that a ventral lying position is more comfortable for castrated pigs due to pain in the groin region. However, previous studies found no significant differences in ventral or lateral lying positions when comparing castrated piglets to sham-castrated (Hay et al. 2003; Llamas Moya et al. 2008) or pain-medicated treatments versus control groups (Hansson et al. 2011) .
Nosing/rooting behaviour also differed between CS and CF piglets, with CS piglets exhibiting nosing/rooting behaviour significantly less than CF piglets. Pigs are highly motivated to perform nosing/rooting behaviour, forming a large part of their behavioural repertoire. Therefore, a reduction in the frequency of this behaviour in CS piglets suggests that castration pain may have reduced this behaviour. Similarly, Van Beirendonck et al. (2011) found that piglets castrated without pain medication displayed less nosing behaviour than piglets castrated with the benefit of pain medication. Newly castrated piglets have also been found to spend less time in nosing and exploratory behaviour than sham castrates (Hay et al. 2003) . Numerically this relationship was observed in our study, however, not at a level that was significantly different, and there were no differences in the frequency of nosing in SS and CH piglets, making it difficult to draw any firm conclusions.
Many of the comparisons of postures and pen behaviours across treatment groups were not significant. Hansson and colleagues (2011) considered that the absence of differences found in their study may have been due to the activities of individual piglets influencing their littermates to follow suit. Variability in the social dynamics of litters, or possibly variability in the number of castrates per litter may contribute to differences in social facilitation for some behaviours and contribute to the disagreement across studies. Also, throughout the 1 h observation period post treatment, piglets were repeatedly handled for testing of NT in the chute. This disruption will have affected the piglets, and potentially also the behaviour of the sows, and likely contributed to variation in the pen behaviour results. With regard to possible useful behaviours to pain in piglets post castration, recently published results have found alterations in the gait and posture of castrated piglets compared with those only handled and not castrated, for up to 3 h post castration (Lonardi et al. 2015) . Tenbergen et al. (2014) found greater isolation displayed in piglets castrated with no pain control, but this was only studied up to 30 min post castration and used continuous observation, as opposed to scan sampling as was used in the present study.
A recent review of studies exploring pain management during routine management procedures (Dzikamunhenga et al. 2014) indicates that behavioural changes and cortisol have been most commonly used in studies of postprocedural pain management at castration. Other physiological responses recorded include ACTH, β-endorphin, epinephrine, norepinephrine, glucose, lactate, substance P, and most recently eye and rectal temperature (Dzikamunhenga et al. 2014) , with varying degrees of success. A novel pain behaviour assessment for piglets, the facial grimace score, has been tested following tail docking and shown promise as a method to identify acute pain in piglets (Lonardi et al. 2013) .
Relationships between chute navigation time and pen behaviour
The lack of clarity in the pen behaviour results demonstrates how difficult it can be to clearly identify behaviours indicative of pain in piglets, further confirming the need for more objective method for assessing pain in piglets post castration. Significant differences in NT found between treatment groups at two testing times (0 and 15 min) appear to relate to postcastration pain, and thus, relationships between chute NT and the frequency of pen behaviours were explored.
At 0 min post treatment, an increase in NT was associated with an increase in the observed frequency of undetermined activity and undetermined posture, and decrease in the frequency of standing behaviour. Undetermined activity and posture were scored when a piglet was not clearly visible on the camera. This meant that a piglet was in a region of the pen where the camera did not cover, either immediately adjacent to the back gate or beneath the sow's feeding trough. Although it cannot be explained fully with the present data, we propose that the relationship between longer NT and a greater frequency of undetermined activity and posture may indicate that these piglets removed themselves from the main group of littermates, resulting in reduced likelihood of being observed. Previous studies have found that piglets castrated without pain control showed a reduced social cohesion, being more frequently separated from other pigs in the hours following castration (Hay et al. 2003; Llamas Moya et al. 2008 ).
An increase in NT was also related to a decrease in the frequency of observed standing behaviour. Similarly, McGlone et al. (1993) also found that castrated pigs had a reduced standing time and conversely an increased lying time, when measured over 6 h post castration. However, other studies with similar measurement methods have found the opposite, with castrated piglets spending more time standing than sham-castrated controls (Taylor et al. 2001) . Such differing results highlight the difficulty in reliably assessing pain in animals, as a response that is specific to the individual and can be very difficult to compare among individuals (Sneddon and Gentle 2000) .
At 15 min after treatment, a longer NT was related to a decreased frequency of observed awake inactive behaviour. Hay et al. (2003) measured this behaviour and observed castrated pigs performing a greater amount of awake inactive behaviour on day 1 post castration, whereas on day 2, castrates performed less awake inactive behaviour. Others found no difference in the frequency of awake inactive behaviour between control (handled) and castrated pigs (Llamas Moya et al. 2008 ). However, with no other significant relationships between chute NT and pen behaviours, it is not possible to make strong conclusions from these results at present.
General conclusions
The results of this study provide initial evidence to suggest that the recording of NT through a handling chute provides a simple and effective behavioural method for assessing piglet pain immediately after castration. This response is rapid and easy to measure, and requires minimal time to train piglets to transverse the chute and test, compared with observing piglets for multiple hours post castration for behaviour that may be indicative of pain. Thus recording NT through a handling chute could prove a useful tool for helping to assess the effectiveness of new drug treatments or methodologies to control pain following castration. However, with no differences in NT past 30 min post castration, prolonged behavioural observations in the farrowing pen would be required to examine the longer term effects of castration. Some behaviours in the farrowing pen were found to have a significant relationship to NT and should be explored in further detail, as possible key behaviours to explore in relation to castration pain. Measuring the SL of piglets following castration was investigated without success, but the distance a piglet can walk prior to reaching an obstacle may need to be increased, so that piglets can display unimpeded strides for measuring.
